Purpose: Mutations in the BRCA1 and BRCA2 genes are responsible for approximately 2% of breast cancers by age 70 years. Professional and governmental groups recommend using family history protocols as an initial step in identifying women and families for mutation testing. We assess screen-positive rates and levels of agreement between these protocols. Methods: We applied six family history screening protocols to a population-based cohort of 321 women, age 21 to 55 years, who reported their personal and family history of breast and ovarian cancer.
The most common mutations identified among women with inherited forms of breast/ovarian cancers are in the BRCA1 and BRCA2 genes. Mutations in these genes account for between 1% and 2% of all breast cancers by age 70 years. 1,2 BRCA1/2 mutation testing can have a substantial impact on the person being tested, as well as other family members, including such adverse effects as psychologic distress and the fear of social stigmatization. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] These issues, along with the expense of genetic testing and other considerations, have led to the use of questions about family history for initial evaluation. To date, this approach has been limited to highrisk families and has not been evaluated for routine use in the general population. Recently, the United States Preventive Services Task Force stated that population studies are needed to evaluate the effectiveness of risk stratification when delivered by providers in settings other than referral centers. 13 Published family history protocols for identifying inherited forms of breast/ovarian cancer take into account factors such as personal history of cancer, number of affected first-and second-degree relatives, the ages at diagnosis, and ethnicity. Such protocols are intended to identify a small group of women whose evidence of hereditary cancer is sufficiently strong that genetic testing for BRCA1/2 mutations can be considered (e.g., positive predictive value of Ն10%).
The purpose of the present analysis is to (1) identify published breast/ovarian cancer family history screening protocols that are endorsed by professional and/or governmental organizations, (2) apply these protocols to the family histories obtained from a populationbased cohort of younger women, (3) compute and compare the proportion of women identified as candidates for genetic testing by each of the protocols, and (4) compare the level of agreement between the protocols. At least one study has attempted to unify various family history screening protocols, 14 but, until now, there has been no formal assessment of these protocols using family history information collected at the general population level.
MATERIALS AND METHODS

Identification of breast/ovarian cancer family history screening protocols
Family history screening protocols for breast/ovarian cancer were identified primarily through contact with genetics profes-sionals and secondarily by a Medline search using the terms "breast cancer," "genetics," and "guidelines." Criteria for inclusion were as follows: (1) the protocol is approved by a professional organization and/or a governmental agency, (2) the protocol is recommended for use in the general population, and (3) the protocol is not directly derived from an existing protocol. We did not include models that were designed primarily to assess the risk of carrying a BRCA1/2 mutation, such as BRCAPRO, 15 Couch et al.'s, 16 Shattuck-Eidens et al.'s, 17 Frank et al.'s, 18 Manchester scoring system, 19 or BOADICEA, 20 because they do not satisfy the first inclusion criterion. All of these models, with the possible exception of the Manchester scoring system, 19 take considerably more time, effort, and expertise to complete than the family history-taking required by the protocols included in our analyses. Some of these riskprediction models have been reviewed and their applications have been discussed. 21, 22 We also did not include the Family History Assessment Tool 23 because it does not satisfy the first criterion for inclusion.
Family history data collection
One of the authors (R.S.) collected personal and family histories of breast/ovarian cancer that included first-and seconddegree relatives from a population-based cohort of women aged 21 to 55 years. The study protocol was approved by the Thomas Jefferson University Institutional Review Board. The questionnaire was designed to be self-administered and was given to women attending an outpatient family medicine clinic. The women did not provide personal identifiers; therefore, it was not possible to use existing patient records to collect any missing information once the questionnaire had been submitted.
Interpretation of a woman's family history
All protocols were coded into a Visual Basic Program (Microsoft, Redmond, Wash) for analysis. Each protocol was implemented as an independent algorithm. The woman completing the questionnaire was considered to be the index case. In 30 of the families (including all 12 women with a personal history), one age of onset of cancer was unavailable. In 14 additional families, two or more ages of onset were missing. For the initial analysis, age of onset was assumed to be later than all age-associated cutoff levels for the six protocols. Subsequently, a sensitivity analysis was performed by setting the missing values to a random age of onset that was generated separately for breast cancer (Gaussian distribution with a median of 51 years and a standard deviation of 10 years) or ovarian cancer (median 53 years, standard deviation 10 years). These median values were set, conservatively, to 10 years earlier than the median age of onset reported in the latest data reported by the Surveillance, Epidemiology, and End Results. 24 In 13 families, one or more ages of onset were specified as a decade. In such instances, the age was arbitrarily assigned the midpoint of the range (e.g., "in the 40s" was assigned a value of 44 years). This assumption was also subjected to sensitivity analysis. In two families, the line of descent for a half-sister was not recorded.
They were assumed to be on the side of the family with the more severe history. Again, this assumption was subjected to sensitivity analysis. A half-sibling's history was represented as a second-degree relative. Ambiguities in interpretation were resolved by consensus of a group consisting of a board-certified clinical geneticist, a genetic counselor, and an epidemiologist (M.R.M.).
Limitations of the dataset
No information was collected regarding Ashkenazi Jewish ethnicity. We assumed all study participants and family members to be non-Jewish. On the basis of the general characteristics of the Jefferson Family Medicine Associates, no more than 3% of the participating women would be expected to be of Ashkenazi Jewish heritage. No information regarding other forms of cancer (e.g., prostate, colorectal cancer) was collected, because these were rarely considered directly by family history screening protocols.
Statistical analysis
Each woman's personal and family history was tabulated as being either positive (satisfied at least one criterion in a given protocol) or negative (did not satisfy any criteria in a given protocol). Consistency between protocols was estimated using a nonweighted kappa coefficient by SAS V8.1 (SAS Institute, Inc., Cary, NC). The proportion of participants with a positive result was computed for each protocol. In addition, the proportion of participants positive for one, two, three, four, five, and all six protocols was also computed. Sensitivity analyses were performed for missing ages of onset and missing lines of descent. Confidence intervals (CIs) for proportions were computed using the binomial distribution.
RESULTS
Six breast/ovarian cancer family history screening protocols were identified that satisfied the inclusion criteria: Wales Cancer Genetic Service (WCGS), 25 New York State/American College of Medical Genetics (NYS/ACMG), 26 National Breast Cancer Centre (NBBC), 27 National Comprehensive Cancer Network (NCCN, v.1.2006), 28 National Institute for Clinical Excellence (NICE) Quick Reference Guide (referral to tertiary care), 29 and the United States Preventive Services Task Force (USPSTF). 13 Although the USPSTF does not identify their referral criteria as a protocol, they are stated as recommendations for referral to genetic counseling for further evaluation. From accompanying literature, the stated purpose of these six protocols was that they be used as an aid in decision-making about BRCA1/2 mutation testing in families. None of the protocols identified in our survey were empirically derived from actual data; instead, the basis for the protocols is expert opinion. A listing of these family history screening protocols is contained in the Appendix.
Over a 3-week period, 488 women between the ages of 21 and 55 years were identified and approached, and 321 (66%) participated. Details about the 166 women not participating are not available. Among participants, 203 women (63%) reported no personal or family history of breast/ovarian cancer, 106 women (33%) reported a family history but no personal history, and 12 women (4%) reported a personal history of breast and/or ovarian cancer.
The proportion of women having at least one first-degree relative with breast cancer (8.3%; 95% CI 5.6%-12%) is consistent with the 6.4% reported by others. 30 Table 1 shows the number and proportion of the 321 women classified as having a family history indicative of an inherited form of breast/ovarian cancer (positive result) for each of the six protocols. Between 14 (4.4%) and 25 (7.8%) of the participating women have a positive screening result, depending on the protocol applied. The positive rates provided in Table 1 are likely to underestimate the true positive rate, because of our conservative assumption concerning missing ages of cancer onset and the lack of some additional information (e.g., Ashkenazi Jewish heritage). Table 2 shows that 282 of the 321 women are screen negative by all six protocols (87.9%). It also shows how many are screen positive according to one, two, three, four, five, or six protocols. Each of the rows is mutually exclusive; therefore, 39 of the 321 women (12.1%) are screen positive on at least one protocol. For example, the fourth row in Table 2 shows that three women are classified as positive by three protocols, but negative by the other three. One of the women in this row had no personal history of cancer, but had a maternal grandmother diagnosed with ovarian cancer at age 83 years and a maternal aunt diagnosed with ovarian cancer at age 61 years. This is a positive family history by the NCCN (maternal aunt satisfies criterion 3a), USPSTF (criterion 1e), and NICE (criterion 2aii) protocols. It is negative according to NYS/ACMG, NBCC, and WCGS protocols. Six women are classified as positive by all six protocols (1.9%, 95% CI 0.7%-4.0%). Two had four relatives with breast cancer on the maternal side of the family, and one reported three ovarian cancer cases on the paternal side of the family. Another woman had a mother with early-onset ovarian cancer and a maternal grandmother with early-onset breast cancer. The fifth woman had breast cancer, along with her sister and maternal aunt. The last woman had a sister with breast and ovarian cancer, a son with breast cancer, and a maternal grandmother with early-onset ovarian cancer.
The levels of agreement between all pair-wise combinations of the six protocols are shown in Table 3 , using the kappa statistic. Kappa coefficients of less than 0.40 indicate low agreement, coefficients between 0.40 to 0.75 indicate fair agreement, and coefficients greater than 0.75 indicate good agreement. 31 The analyses were carried out in all 118 women with either a personal history of breast/ovarian cancer or at least one affected family member. One of the lowest levels of agreement is between the NYS/ACMG and NCCN protocols, both of which have relatively high positive rates Table 4 shows how selected risk factors associated with inherited forms of breast/ovarian cancer are used by the six family history screening protocols. Three of the factors are used by all six protocols (total number of breast cancer cases, bilateral breast cancer, and a male with breast cancer). However, the protocols differ in how these factors are used. For example, bilateral breast cancer alone in any family member is considered sufficient to classify a woman as screen positive by the NYS/ACMG protocol, whereas WCGS and USPSTF protocols require that the bilateral breast cancer be in a first-degree relative; the NICE protocol requires the cancers to occur at an average age earlier than 50 years, whereas NBCC and NCCN protocols require an additional family member with cancer on the same side of the family. There is less agreement about whether Ashkenazi Jewish heritage should be considered (NICE and WCGS do not address this criterion). Other types of cancers are directly addressed only by the NBCC and NICE protocols.
In this dataset, ages of cancer onset are missing in 44 family histories, and the analyses shown so far assume them all to be at 55 years of age (older than the highest cutoff level used in any of the six protocols). To estimate the maximum impact of this age factor on the positive rate, we then randomly assigned ages of onset for those that were missing (as described earlier). These ages are, on average, younger than expected in the general population by 10 years. This was done to account for the fact that, in all instances, there is at least some family history already present, and to set a reasonable "upper limit" to the screen-positive rates. As expected, the number of screen-positive women increases for all six protocols. Two protocols sustained only modest increases (USPSTF from 24 to 25 and NYS/ACMG from 19 to 22). The four other protocols increased more dramatically (WCGS from 15 to 21, NBCC from 18 to 25, NICE from 15 to 22, and NCCN from 25 to 37). The lower number of positives (Table 2) 
In 20 additional instances, ages of cancer onset were provided only as a decade, and the analyses shown so far assume each to be at the middle of the designated decade. To estimate the maximum and minimum impact of this assumption, the ages are first set to the upper limit of the specified range and then to the lower limit. The only change occurs for the NCCN protocol, in which the number of women classified as positive increases from 25 to 26 when the ages are set to the lower limit. In two families, the line of descent was not provided for a half-sister, and the previous analyses assume her to be on the side of the family with the strongest family history. To examine the impact of this assumption, all are now set to the other side of the family. This yields a reduction in the number of women classified as positive by two of the protocols: NBCC (from 18 to 17) and NCCN (from 25 to 23). These types of missing information, therefore, would have little impact on the proportion of women with positive family histories. 
DISCUSSION
Others have commented on the lack of consistent criteria among family history protocols, 14 but this is the first time that the extent of agreement has been documented using real patient data. Although one of the comparisons (NYS/ACMG and USPSTF) showed good agreement, the other 14 comparisons showed only low to fair agreement among the six protocols. Several other important performance features also emerged: (1) ensuring that all ages at onset of cancer are available is important for accurately interpreting family histories for most of the protocols, (2) the proportion of women classified as having a positive family history varies substantially among protocols, (3) each of the protocols individually classifies a relatively high proportion of women as having a positive family history, and (4) all six protocols agree that a small group of women has a positive family history.
All six of the protocols evaluated in this study are designed to be applied in the general population. At present, however, no formal pilot trials have been carried out to assess their performance. A positive screening test carries with it serious implications for the woman and her family from an emotional, financial, and medical point of view, and any negative impact will be magnified when screening is extended to the general population. Under such circumstances, it would be prudent to design intervention trials to identify only the families with the strongest evidence of an inherited form of cancer as screen positive until the screening test's performance characteristics can be better understood. Some guidelines and at least one professional organization have recommended that family history screening protocols be sufficiently discriminatory to ensure that at least 1 in 10 women (10%) classified as having a positive family history will carry a BRCA1/2 mutation. 32 This 10% positive predictive value seems to be reasonable as a starting point, and the present study provides data to help determine how this might be accomplished.
In the general population, approximately 10 in every 3,500 women carry one of these mutations (excluding Ashkenazi Jewish women, among whom the carrier rate is higher because of founder mutations). 1 By assuming family history to be positive in all 10 of the women, the positive predictive value of 10% would be reached by classifying 100 of the screened women as candidates for mutation testing ([10 true positives ϩ 90 false positives]/3,500 ϭ 2.9%). However, this 100% detection rate is likely to be an overestimate because of inherent limitations of using family history as a screening test. These limitations are apparent in a review of four published studies that collectively carried out mutation testing on 1,667 younger women with breast cancer. Among these women, 431 (26%) also had at least one affected first-degree relative. 1, [33] [34] [35] Even among those with a BRCA1/2 mutation, only 6 of 10 had a first-degree relative with breast/ovarian cancer. In our study, only 4% of women had breast cancer, suggesting that fewer than six might be detected. However, we collected a more extensive family history (both first-and second-degree relatives), which might result in higher detection. Taken together, the evidence leads us to conclude that between 4 and 6 of every 10 women in the general population with a BRCA1/2 mutation might have a positive family history. If family history could detect 4 of the 10 women with mutations in a primary care setting, the acceptable number of screen positives would be 40 per 3,500 women (1.1%). If family history could detect 6 of the 10 mutations, the total number of screen positives could be increased to 60 (1.7%).
An alternative approach would be to reduce the threshold defining a positive family history as a way to increase the identification of families carrying deleterious mutations (e.g., 12.1% of the women in our study were screen positive by at least one protocol) ( Table 2 ). The small gain in women identified with a mutation, however, would be offset by a disproportionately large number of women who would require genetic counseling and, should they proceed with genetic testing, receive negative (or uninformative) BRCA1/2 mutation test results. Also, these women would not be candidates for primary preventive action, unlike the small number of women with an extensive family history. The additional medical, financial, and emotional impact of such an approach should be examined carefully before any such introduction.
Several characteristics of these screening protocols deserve further discussion. The USPSTF protocol explicitly excludes women with a personal history of breast and/or ovarian cancer. To make a more fair comparison among protocols, we considered the 12 women with a personal history to be first-degree relatives instead of removing them from the screening process entirely. In practice, excluding these women (and their families) would reduce the usefulness and overall performance of family history screening. The NYS/ACMG and USPSTF protocols tend to agree more (and tend to have higher positive rates) mainly because of criteria that include one case of breast cancer (at any age) and another case of ovarian cancer (at any age) to define a screen positive. In general, we found that family histories that are positive according to one, two, three, or four protocols are usually positive for only a single criterion on each. In contrast, the family histories positive according to five or six protocols are often positive for multiple criteria in each protocol. The NICE organization has promulgated two separate family history screening protocols, one relatively inclusive protocol to be used for referrals from primary care to secondary care and another to be used for referrals from secondary to tertiary care. We chose to implement the latter, because women positive at the tertiary level are likely to be offered mutation testing. We encountered one difficulty during implementation. The protocol contained in the quick reference guide does not match the protocol provided in the full clinical guidelines. We chose to implement the former, because it seems to be designed for use in practice. The NICE protocol uses the average age of onset of cancer. This cannot be computed if even one age is missing. The other protocols do not call for average age, and missing data are less problematic for them. Our modeling of missing ages of onset most strongly affects the NCCN protocol, because a single family member diagnosed with breast cancer at or before age 40 years is sufficient to Family history screening for breast/ovarian cancer define a positive family history. Other protocols require additional factors to be present.
If family history is to be systematically introduced as a screening test for hereditary breast/ovarian cancer, a prime consideration should be to establish a highly selective policy for classifying women as candidates for BRCA1/2 mutation testing. This is especially true in the early stages of screening program development. One possible way to achieve that goal might be to require that several family history screening protocols agree. The present study, for example, indicates that a 1.9% screen-positive rate might be achieved when six family history screening protocols all agree. This is consistent with the estimated acceptable range for screen positive rates of 1% to 2%. Currently, it is not possible to determine the actual screening performance of any of these protocols. Instead, we view each of them as an "expert opinion" and the combination of the protocols as an "expert panel." It is unrealistic to expect that BRCA1/2 mutation test results will be available from an entire population-based cohort of women who have family history available, even though such a study would allow the detection and false-positive rates to be computed and the actual performance of the protocols to be directly compared. As an intermediate step in helping to define performance, it would be more realistic to apply a set of family history screening protocols to a cohort of women from the general population and determine the proportion of screen-positive women/ families with a detectable mutation (positive predictive value).
1. Three or more affected 1°or 2°relatives with breast or ovarian on the same side of the family, regardless of age at diagnosis OR 2. Fewer than three affected relatives but one or more of the following: a) The patient was diagnosed at Յ45 years b) A family member has been identified with a detectable mutation c) There are one or more cases of ovarian cancer at any age, and one or more members on the same side of the family with breast cancer at any age d) There are multiple primary or bilateral breast cancers in the patient or one family member e) There is breast cancer in a male patient, or in a male relative f) A patient is at increased risk for specific mutations(s) because of ethnic background (i.e., Ashkenazi Jewish descent) and has one or more affected relatives with breast or ovarian cancer at any age Referral criteria from secondary care to tertiary care 1. Female breast cancers only (on the same side of the family) a) One 1°and one 1°or 2°relative with breast cancer diagnosed at average age Ͻ50 years b) One 1°and two 1°or 2°relatives with breast cancer diagnosed at average age Ͻ60 years c) One 1°and three (or more) 1°or 2°relatives with breast cancer diagnosed at any age 2. Ovarian cancer a) One relative with ovarian cancer at any age and on the same side of the family i) One 1°(including relative with ovarian cancer) or one 2°relative with breast cancer diagnosed Ͻ50 years ii) One additional relative diagnosed with ovarian cancer at any age iii) Two 1°or 2°relatives with breast cancer diagnosed Ͻ60 years 3. Bilateral breast cancer (on the same side of the family) a) One 1°relative with cancer diagnosed in both breasts at an average age Ͻ50 years b) One 1°or 2°relative with bilateral breast cancer and one 1°or 2°relative diagnosed with breast cancer before average age of 60 years 4. Male breast cancer (on the same side of the family) a) One male breast cancer at any age and i) One 1°or 2°relative with breast cancer diagnosed Ͻ50 years ii) Two 1°or 2°relatives with breast cancer diagnosed at an average age Ͻ60 years 1. Member of a family with a known BRCA1/BRCA2 mutation 2. Personal history of breast cancer plus one or more of the following: a) Diagnosed Յ40 years, with or without family history b) Diagnosed Յ50 years, or bilateral, with at least one close* blood relative with breast cancer diagnosed Յ50
Family history screening for breast/ovarian cancer years or at least one close blood relative with ovarian cancer c) Diagnosed at any age, with at least two close* blood relatives with ovarian cancer at any age d) Diagnosed at any age with breast cancer with at least two close* blood relatives with breast cancer, especially if at least one is diagnosed before age 50 years or has bilateral disease e) Close* male blood relative has breast cancer f) Personal history of ovarian cancer g) Is of ethnic descent associated with deleterious mutations (e.g., Ashkenazi Jewish) 3. Personal history of ovarian cancer plus one or more of the following: a) At least one close* blood relative with ovarian cancer b) At least one close* female blood relative with breast cancer at age Յ50 years or bilateral breast cancer c) At least two close* blood relatives with breast cancer d) At least one close* male blood relative with breast cancer e) Is of Ashkenazi Jewish descent 4. Personal history of male breast cancer plus one or more of the following: a) At least one close* male blood relative with breast cancer b) At least one close* female blood relative with breast or ovarian cancer c) Ashkenazi Jewish descent 5. Family history only: close* family member (on the same side of the family) meeting any of the above criteria *Close is defined by the NCCN protocol as first-, second-, and third-degree relatives. 
